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RADIOLYTIC GRAl?TIL?G OF MONOMERS 

ON POLY&ERIC FILMS 

J. E, Wilson, Department o f  Chemistry 

Bishop College,  Da l l a s ,  Texas 

A l e t t e r  from Mr. B a l l e n t i n e  received on May 1 5 ,  1970 

i nd ica ted  t h a t  NASA is  seeking economical f i l m s  having improved 

s t r e n g t h ,  h e a t  s e a l a b i l i t y ,  and barrier p r o p e r t i e s  toward oxygen 

and water vapor f o r  space a p p l i c a t i o n s  i n  food packaging. 

The writer proposed t o  accomplish d e s i r a b l e  modif ica t ions  

o f  f i l m  p r o p e r t i e s  by r a d i o l y t i c  g r a f t i n g  o f  var ious  monomers 

on s u i t a b l e  s u b s t r a t e  f i lms .  A product  comprising a s u r f a c e  

l a y e r  g r a f t e d  on a base  f i l m  would n o t  have t h e  u n d e s i r a b l e  

delaminat ion tendencies  o f  p r e s e n t  prod;cts made up o f  s e v e r a l  

p l a s t i c  f i l m  l a y e r s .  

M r .  B a l l e n t i n e  mentioned t h e  i n t e r e s t  o f  NASA i n  polyvinyl-  

a l coho l ,  ACl=  and Teflon f i l m s .  A t  t h e  s t a r t  o f  t h e  p r e s e n t  

r e sea rch  p r o j e c t ,  it %as decided t o  use polyvinyla lcohol  f i l m  

as a s u b s t r a t e  f o r  t h e  r a d i o l y t i c  g r a f t i n g  of va r ious  v i n y l  

monomers. Polyvinyla lcohol  (PVA) f i l m  is a remarkably good 

oxygen b a r r i e r ,  b u t  it has poor water r e s i s t a n c e  and poor h e a t  



sealir-:q proper-Lies, Hence, t h e  ol2j e c t i v e  of t 5 c :  p?rese~.~.t  reeser".rc~~ 

i s  t o  irnprove -the water r e s i s . t ance  =d he2.t s e a l i n g  p rcpe r . t i c s  

by gra.f-king a suita51-e rnonoiner on t h e  PT7A f i l m .  

r~112e - exper imenta l  r e s u l t s  t o  dz:te a r e  p re l imina ry  and ex-- 

p l o r a t a r y  i n  n a t c r e .  Some d i f f i c i ~ l t y  was encauntered from thc 

s t a r t  i n  o b t a i n i n g  reproduc ib le  g r a f t i n g  r z t e s .  I n  the t echnique  

used ,  a s m a l l  szmple o f  PT7A f i l m  i s  imversed i n  s t y r e n e  solution 

i n  a g l a s s  t u b e ,  s e z l e d  s h u t ,  and t h e  complete assel?i,bly i r radia-Led 

wi th  g21ma.a r a y s  from a co1m.l-t 60 source .  ?'he preliminarry work 

has  d i s c l o s e d  t h a t  i n  o r d e r  t o  o b t a i n  r e p r o d u c i b l e  2 r a f t i n g  

r a t e s  i t  i s  neces sa ry  t o  (1) c o n t r o l  t h e  x a t e r  c o n t e n t  o f  t h e  

f i l m  sa i ip le ,  and ( 2 )  c o n t r o l  t h e  rcater c o n t e n t  o f  t h e  s t y r e n e  

s o l u t i o n  i n  vihich t h e  f i l m  i s  i m ~ e r s e d .  

11. Experimental  Procedure  

The 0 . 5  c u r i e  sou rce  was arranged and employed a s  desc r ibed  

e a r l i e r  (I). Before u s e ,  each monomer was d i s t i l l e d  a.nd s t o r e d  

ove r  D r i e r i t e  a t  r e f r i g e r a t o r  t empera ture .  J u s t  p r i o r  t o  making 

a g r a f t i n g  r u n ,  oxygen was reaoved from t h e  monomer i n  a  h igh  

vacuum system as d e s c r i b e d  p rev ious ly .  

I n ' e a c h  r u n ,  a sample o f  PVA f i l m  about  0 .5  crn by 2.0 cm 

was used. The f i l m  a s  r ece ived  was found t o  vary  i n  t h i c k n e s s ,  

and a micrometer w a s  used t o  check a p o r t i o n  o f  f i l m  and s e l e c t  

a s e c t i o n  o f  0.0060 inch  i n  t h i c k n e s s ,  P r i o r  t o  making a  r u n ,  

t h e  f i l m  w a s  s t o r e d  f o r  s e v e r a l  days  a t  room tempera ture  i n  a  

d e s i c c a t o r  ove r  a s a t u r a t e d  aqueous s o l u t i o n  o f  sodium bromide,  

which v;as found t o  y i e l d  a f i l m  hav ing  a r e p r o d u c i b l e  viater 

c o n t e n t  o f  9,5 p e r c e n t .  



a . L ~ e ~ z  fi l i - n  A f t e r  cornpletiolz of  , t he  grc7.f.ting rc;n, each gr-,-"'- ' 

sample w3.s e x t r a c t e d  h~y s t i r r i n g  in warm a.cetone for 4;8 hours ,  

then  d r i e d  i n  a d e s i c c a t o r  and v;eighcd. The purpoge o.C t h i s  

teclxzique was t o  remove bomopclymer i n  o r  on the f i L m ,  Tlne 

procedvxe has been found rather s u c c e s s f b l  i n  -Ll?is r e g ~ i r d  by 

okher in -ves t iga to r  s. A s e p a r a t e  experimen-t vv ' i  th u.ng.ra% tcd  P'LTA 

film sho~aed t h a t  no c o r r e c t i o n  was needed f o r  vceight l o s s  by 

PVA dur ing  acetone e:;trac-tion. 

A l l  runs t o  d a t e  on PVA have c a r r i e d  o u t  a t  room ten-ipera- 

t u r e ,  23 5 1°c. Percent  q r a f t i n y  Vias computed i n  t h e  usual  

way from film vieight (pol p r i o r  t o  g r a f t i n g ,  and weight a f t e r  

g r a f t i n g  (P  ) a s  follows: 
53 

Imxediately a f t e r  g ra . f t ing ,  t h e  swollen f i l m  was quickly d r i e d  

and weighed -Lo o b t a i n  t h e  swollen f i l m  vieigh-t (P , ) ,  and percent  

swel l ing  uncorrected f o r  g r a f t i n g  was coqputed a s  f o l l o ~ j s :  

A f t e r  t r y i n g  s e v e r a l  monomer s o l u t i o n s ,  a s o l u t i o n  of  

~ t y r e n e / ~ e t h a n o l  a t  a volume r a t i o  o f  2 0 / 5  was s e l e c t e d  f o r  

t h e  pre l iminary  work. P r i o r  -to mixing t h e  methanol ~ i t h  t h e  



thc?.t .L' t n e  \70:!.~.1;111_ perce~.~.t  i~ii;'ter in -the gr2."-'-.' L , ~ -  LJ-2~31 S O ~ U ~ ~ ; : ~ O I ~  ~C)T em]:. 

run  could readily be  computeil. 

111. R e n v l - t s  and Discu=ion --------- 

A, C!o~-q3a:rison 01 130110:12nrs - ---- 

O n e  of -i;?le ear:Ly goa.ls  o f  t h e  work i s  %he corq?arison of 

t h e  9ra:Eting rates for v a r i o u s  rconomers on po lyv iny la l coho%,  

b u t  o n l y  s t y r e n e  has  been t r i e d  s o  f a r .  Pe rcen t  by weight  of  

s t y r e n e  g r a f t e d  v e r s u s  t i n e  i s  sh.o!,rm i n  F igure  1, A s  usw.al 

f o r  grar 'king v e r s u s  time i n  n ? o n a ~ ~ ~ e r / p o l y r ~ ~ e r .  sys tems ,  t h i s  j - n i t i a l  

s t a g e  02 t h e  cu rve  i s  l i n e a r  i n  shape.  The 20/5 s o l u t i o n  01 

styrene/n?ethano1. was used f o r  obta ining.  t h e  d a t a  o:f Figure 1 

and water  colntelit by volurne i i n  the monomer s o l u t i o n  pias he ld  

c o n s t a n t  a t  0 .5  p e r c e n t ,  The films used i n  F igu re  1 had a  wate r  
0 

c o n t e n t  o f  9 .5  p e r c e n t  a t  t h e  s t a r t  o f  t h e  r u n s ,  which r e s u l t e d  

from f i l m  c o n d i t i o n i n g  f o r  s e v e r a l  d a y s  as d e s c r i b e d  above. 

While methyl 1nethacryla.te h a s  n o t  y e t  been t r i e d  i n  t h e  

p r e s e n t  r e s e a r c h ,  t h e  g r a f t i n g  o f  methyl me thac ry l a t e  on PVA 

i s  more e f f i c i e n t  t h a n  t h a t  o f  s t y r e n e  accord.ing t o  Sakurada 

( 2 )  , and g r a f t i n g  o f  methyl me thac ry l a t e  'up  t o  4,000 p e r c e n t  o f  

o r i g i n a l  f i l m  r ~ e i g h t  was ob ta ined .  

Gra.:Eting o f  l i q u i d  methyl a z r y l a t e ,  a c r y l o n i t r j - l e ,  and 

v i n y l  ace-Late on wet PVA f i l m  h a s  a l s o  been r e p o r t e d  by Sakurada 

( 3 ) .  The g r a f t i n g  of vapor phase  a c r y l o n i t r i l e  o n , w e t  f i l m s  

and f i b e r s  o f  PVA h a s  been desc r ibed  ( 4 ) .  Acrylamide, v i n y l -  

p y r i d i n e ,  and a c r y l i c  a c i d  have been g r a f t e d  on PVA f i l m s ,  

b u t  wi th  l o x ~  e f f i c i e n c y  ( 3 )  . Methylv iny lpyr id ine ,  v i n y l p y r i -  

d i n e ,  and acrylamide were g r a f t e d  on PVA f i b e r s  t o  improve 



I n  the p r e s e n t  xork,  it vras %ound convenient t o  obtain 

+ .  var ious  v;atcr c o n t e n t s  by p lac ing  PWA rllm i n  a  d e s i c c a t o r  over 

d i s t i l l e d  water f o r  var ious  Lengths o f  t i n e .  Gra:Etin: rates 

f -!-- -- + ~ y ~ ~ n e  vjerc t h e n  rneasujred as  a fu.nctioii or' via.tcr con-izcmt, 

with t h e  r e s u l t s  shown i n  Figure 2 .  Each p o i n t  on t3e graph 

was coi-~;.i;2uted from a  run o:E appro;cina.teP 2 4  hours c'!ura-Lion. 

Figure 2 der>onstrates  -ti?at t h e  r a t e  or' graz-king i s  app?:o:ci- 

rnately l i n e a r  Cunction of  t h e  v;ater con ten t  of  t h e  :2 i l~ . .  For 

a l l  Figure con ten t  of  

graftizlq solu'cion vas held coilstan-i-. a t  0 . 2  perceli t  bl; voluine,, 

Numerous re fe rences  t o  t h e  e f z e c t  o f  PITPA 2iLm vja-kei- COi?- 

t e n t  on g ra2 t ing  a r e  fou.nd i n  t h e  l i t e r a t u r e .  

s t a t e d  t h a t  t h e  g r a f t i n g  02 s t y r e n e  on PVIl f i l m  proceeded 

sznoothly ~iheil t he  f i l n  contained 5 pe rcen t  water o r  ];nore. 

S2i;annett (5)  and Sakurada ( 3 )  2ound tha- t '  s - tyrene,  me Ll~yll-netltl- 

a c r y l a t e ,  xeeL1~yl a c r y l a t e ,  a c r y l o n t r i l e ,  and v i n y l  acekate  

g r a f t e 2  readily on v e t  PVA f i l m s ,  b u t  shov;ed l i t t l e  o r  no 

r a d i o l y t i c  sraf-king on dry  PVA f i lms .  Sal;urada (3)  Zozndl 

l i t t l e  g z a f t i n g  02 s t y r e n e  on PITA f i l m  con ta in ing  l e s s  than  

4 percent water.  For h igher  water c o n t e n t s ,  t h e  irngortmce 

of t h e  g r a f t i n g  process  g radua l ly  , i n c r e a s e d ,  and pxoceeded 

extremely quickly when the  f i l m  contained a s  nuch a s  20 pe rcen t  



y;aj-e:c, 

, - Cha.piro ( 7 )  pointed 0ci.t .ci~a.l; t h e  laclt o:E ~ra:2.k?..rlq $i>j].2en 

us.inc~ d.:p7 r:onoy:!c:r r~~u.1-t:~d $ 2 ~ ~ 7 ~ 1  tile inaI~jJ..'L.ky 0% 1;:os-i; coyrr~2on 

nor?ornc??:s -to i%:if~Eu.se i n t o  t h e  PIC%, f4e FL~..TJ~J.I~:C stake3 -i;ha.:: when. 

t h e  packing of  t h e  pol-yrner cl~a.i.r! j..s loosened tl-irough 1:122 acti.ora. 

o f  a swelling agen t  (water), t h e  monomer can p e n e t r a t e  more 

readil-y i n t o  the Ciim a116 gsc'aftiny i s  favored. Xihis 13eha.vicr 

o f  PT7A emphasizes t h e  ir,-rports.nce o:E d i f  fu.sri.on e f f e c t s  in graj5.L 

copolyrnerizakion. 

C -  E f f e c t  of  E50nom?r :?ater  C0n.i;- on GraftFnci Rate. 

The y r a f t i n g  s o l u t i o n  i n  t h e  p r e s e n t  work consis-Led of a 

2 0 / 5  volume ra-k.io o f  s tyrena/ 'methanol,  conta in ing  a 1cnov;n anioun-t 

of  ka'cer vihich icas d isso ived  i n  t h e  rrlethanol p r i o r  .to I-;?ixing. 

Figure 3 sl-r.0~~ t h e  r a t e  o f  s ty rene  g r a f t i n g  as  a  Ic'unction of  

percen-t water by volume i n  t h e  styrene/methanol grzf-king s o l u t i o n ,  

The p l o t  o f  r a t e  versus  pe rcen t  water e x h i h i t s  a, l i n e a r  curve,  

For each run shovjn i n  Figure 3 ,  t h e  i n i t i a l  water con ten t  of t h e  

PVA f i l m  was 3 , 5  percent .  

A f t e r  t h e  PVA f i l m  (conta in ing  water)  i s  placed i n  t h e  

monome? s o l u t i o n  (conta in in9  water)  p r i o r  t o  Yne gras5.ting run ,  

t h e r e  ma17 be some exchange .of water t o  an unltnown e x t e n t  between 

t h e  f i l m  t h e  s o l u t i o n .  This  may account for some of  t h e  

d i f f i c u l t y  t h a t  s t i l l  p e r s i s t s  i n  ob ta in ing  reproducib le  g r a f t -  

i n g  r a t e s .  

The a c c e l e r a t i n g  e f f e c t  o f  water i n  t h e  monomer s o l u t i o n  

has been observed by o t h e r  i n v e s t i g a t o r s .  Sakurada ( 2 )  s t a t e d  

t h a t  t h e  presence o f  water i n  t h e  monomer s o l u t i o n s  ( s t y r e n e  



and methyl rriet!?a.cr~riate) irlcrcasec3 cor1sidera!2=.ly t h e  arnclcn-i; of 

monomer c,;rz:fted on t h e  PTi2,. :::in, St2nnet . t  (6) four:.< i-i; h ~ l p Z ~ 7 1  -. -- 

t o  i n c o r p o r a t e  ~ r a t e r  i n  the $ r a f t i n g  s o l u t i o n  when i r r a d i a - i ; i ~ g  

PVPd i n  solu-Lions o f  s ty rene /ace tone  o r  s tyrene/dioxai?e 

D, Graftificy X a t . 3  2s a Funct ion of S\,j.iclljna -.- -- ------------- " 2 L ~ .  

According t o  t h e  reposrts o f  Ghapiro and o t h e r s ,  -the amou:iC 

o f  gr"a:f.tino; 012 PTJA i s  c1.0sel-y r e l a t e d  -to t h e  amount 0 2  sv;cl-ii:zg 

t h a t  -kakes p l a c e .  The w r i t e r  (1) had a l s o  observed a. 1imea.r 

r e l a t i o n  I2ctv;een p e r c e n t  g rz r ' t rng  and uncor rec ted  s ~ ; e l l i z l g  i n  

t h e  gra:E-king o: s t y r e n e  on polymet3ylpentene f i l m ,  

Hence, it seemi?  l o g i c a l  t o  p l o t  g r a f t i n g  ve r sus  ~~je3.1-ixrq 

f o r  s t y r z n e / ~ ~ ~ ,  u s ing  a l l  d a t a  c o l l e c t e d  s o  f a r ,  T h i s  p l o t  

i s  p re sen ted  i n  F igu re  4 ,  which c o n t a i n s  t h e  r e s u l J ~ s  02 all r v n s  

a t  v a r i o u s  f i l m  wate r  c o n t e n t s  and monomer wate r  c o n t e n t s ,  ex- 

c e p t  t i lose i n  iclaich a lcnotjn e r r o r  vjas made i n  measuring s w e l l i n g  

o r  g r a f t i n g .  The d a t a  f i t  ve ry  w e l l  on a s t r a i g h t  l i n e ,  i n d i -  

c a t i n g  a  s t r o n g  c o r r e l a t i o n  betvieen g r a f t i n g  and swe l l i ng .  The 

l i n e  i n t e r s e c t s  t h e  s w e l l i n g  a x i s  a t  about  10 p e r c e n t  sv j e l l i ng ,  

i n d i c a t i n g  t h a t  no g r a f t i n g  can  be  'expected f o r  s w e l l i n g  (un- 

c o r r e c t e d )  less than  10 p e r c e n t ,  

These r e s u l t s  make it clear  t h a t  t h e  p e r c e n t  g r a f t i n g  

depends s t r o n g l y  on t h e  p e r c e n t  s w e l l i n g ,  and t h a t  such si5ielling 

can  be pronoted by water  i n  t h e  f i l m ,  wate r  i n  t h e  nononer 

s o l u t i o n ,  o r  x a t e r  i n  bo th .  The fo l lowing  r e l a t i o n s  vioukd be 

expected between p e r c e n t  o f  s w e l l i n g  produced i n  a  24  hour  

i r r a d i a t i o n  run  and t he  r e l a t i v e  wate r  c o n t e n t  o f  film and 

monomer s o l u t i o n  : 

1. J<ich ST;.-ellinq: Ei2h v;ater c c n t e n t  i n  f i l ~ ;  



,-% ~ i ~ ~ ~ ~ i u ~  s ~ ; e ! _ ~ i l ~ : i -  I-lig]-i via-ter'conten'k in ?i-'i.rn; - -.---____----,".... * - 
lo;.; ::rater con-Lent in monomer. 

kJv; . ; l t je l l ip~m m p ;  wa.-t.er co9.ten-L i n  f i lm;  
l__l-l_l-- *-..LL.' 

? 0 ~ ~ 7  p:ater con ten t  in nononer. . - 

Based on this reasoning,  a p l o t  o E  t h e  24  hour s r re l l in i j  u s i n g  

-Fi.!_m ~ ; a - t e ~  con ten t  ail2 monozer 7;jater con ten t  a s  coordiria-kc:: - - 

should r e s u l t  i n  a s e r i e s  of coi3tour l i n e s ,  ,each con-tour l i n e  

r ep resen t ing  t h e  amount of  sr ;e l l ing tak ing  p lace  i n  24 hou.xs of  

i r radiat j -ol l .  (See ro~xgh slcetch , Ficpre 5. ) Each contour  ijorld 

probably be roughly hyperbol ic  i n  shape, a s  sho;:n by t h e  d o t t e d  

l i n e s  i n  t h e  ske tch .  Vfilere p o s s i b l e ,  each contour  l i n e  i s  made 

pass  klirough an experimental  p o i n t  corresponding t o  an ei:peri- 

mental g r a f t i n g  run. Evident ly a  s i n g l e  p o i n t  ca:rot  es ' iabl ish 

a curve ,  b u t  t h e  t o t a l  p i c t u r e  i s  l o g i c a l ,  and contour  Lines 

s i m i l a r  t o  those  i n  Figure 5 may perhaps be e s t a b l i s h e d  by f u r t h e r  

exper inen ta t ion ,  

I3 Water Vapor A b s o r ~ t i o n  o f  Grafted F i l m s .  

One of  t h e  goa l s  of t h e  p resen t  r e sea rch  i s  t o  improve t h e  

water re;.ist;nce o: t h e  PVR f i lm.  One method of a s sess ing  water 

r e s i s t= -ce  i s  t o  p l a c e  d ry  f i l m  i n  a  d e s i c c a t o r  a t  c o n t r o l l e d  

58 pe rcen t  r e l a t i v e  humidi ty,  and observe how f a s t  f i l m  weight 

i n c r e a s e s  due t o  water absorpt ion .  

This  method has  given t h e  r e su l - t s  shovin i n  Figure 6. The 

f i g u r e  coixpares water absorpt ion  o f  PVA f i l m s  con ta in ing  106 

percent   rafted s t y r e n e ,  20 pe rcen t  g r a f t e d  s t y r e n e ,  and n o  

g r a f t e d  s ty rene .  It is  ev iden t  t h a t  t h e  g r a f t e d  f i l m  absorbs 

.i,.ater much less r a p i d l y  than t h e  c o n t r s l  2 i l m .  



Si]:r\7=\7 0:: ~ . ~ o ~ ~ o ~ ~ ~ s :  .ma--.- Gra.-;:f-ini; 02 seve:cal o t h e r  mano;-;\ers 

on 63V:)A ~ j i ] - 1  he invest iga- teb .i_n .t?lc at-i;ep.pJc t o  il:?provc \;:~t@r 

r e s i s t a ~ i c c  a.i.i-16 1zea.t seal.a3bi?-i-ky of  -the L7!7,!~~. Fix13 imtnoj-j..cirs ta be 

s tud ied  t i i l l  inc!.u.& methyl me-khzcryla-te , vinyl. zeetz-te, r?tl-iyi 

a c r y l a t e ,  a c s y l o n i t r i l e ,  ztc, 

A c t i v a t j - a n  Eneray of  C;za:? king-: The a c t i v a t i o n  energy o:? 
-----A- 

g r a f t i n g  on i?VA f i l m  %ill be determined by n e a s t ~ r i n g  t h e  rzite 

of gr7.rJ- &.c ~ i n g  at severa l  dir ' ferei l t  te11;per akures.  Tne same -tecl3-- 

niqu.e an6 equi~xnent v : i l l  be  em~loyed -that were used i n  -the 

g rag t ing  o f  s t y r e n e  on polyne-khylpcntene, previous ly  desdribcd 

(8 ) .  

EfZect of lbb~orner Concentration: The kior3; t o  date has 

involved a g r a f t i n s  s o l u t i o n  conta in ing  s-kyrene/~n" , ~ n a ~ o l  a-k 

a 4 / L  volume r a t i o ,  The e f z e c t  o f  monomer concentra-Lion w i l l  

be assessed  i n  f u t u r e  runs by using 3 / 2 ,  2 / 3 ,  and 1/4. volume 

r a t i o s  05  s-i;grrene/methanol, The concentra-Lion efzec-t  o f  o t h e r  

nlonorfiers w i l l  be evaluated i n  a  s i m i l a r  way. 

Nurd~er o f  Radiczl S i t e s  Formed : The concen t ra t ion  o f  

f ree r a d i c a l s  gormed i n  t h e  PVA :$ill be est imated by r e a c t i o n  

with a f r e e  r a d i c a l  scavenges such as d iphenylp icry lhydrazyl  

(DPPH) , ~01lov;ed by dr terrninat ion o f  combined DPPH using 

spectrome-kric a n a l y s i s .  S tud ies  of t h i s  type  , w i l l  be s t a r t e d  

i n  t h e  near  2u-Lure. 



film ri-~-,~::.;r\_rse<i i n  a ~01.~?t!ioi?. o:? so~ie  o-Lhe~ p o l y i c r  should 

. . proc]uce corssl:.i?:;i??~~ he'c[$;eeil -iz!~e .t.i..io poLymers, An n-kte::;~.t v;:i:L3. 

be )-:lac;e to car.ry out such reac. t ions as a, ]?art 02 -k?.!is I : ~ s c z I , ~ c ~ ~ . ~  

sys-kcrci s u c h  as f e r r i c  ace ty lace tona te  p l u s  benzoirr has been: 

found t o  a .cce lera te  the g r a f t i n g  o:E styrene on polye'cbylenc; (9)- 

It is plaaned  t o  eva lua te  some a c c e l e r z t o r s  a s  p a r t  of t h e  

p r e s e n t  r e sea rch  f o r  g r a f t i n g  on PVA fil-rn, Gra-Eking inhibitors 

w i l l  a l s o  be s tud ied .  

Extended XlTa t e r  Resis tance Stildie?: Thzi wor l ;  on w a t e r  

r e s i s t a n c e  w i l l  be  expanded t o  eva lua te  t h e  efEect  of s c v c r a l  

o t h e r  yrc?:?'ced monomers, aild w i l l  inc luda  water absorj?tion oE 

g r a f t e d  salnples i n  high humidity and a l s o  pihen i i ~ m e r s e ~  i n  

l i q u i d  water .  a 

Evaluat ion o f  II-leat Sea l inq:  Heat s e a l i n g  s t r e n g t h  of  t h e  

var ious  rnonomer/~~A g r a f t  c o ~ ~ ~ ~ ~ i n a t i o n s  w i l l  be  measured with 

t h e  Di l lon  Universal  Tes te r  Kodel M-1, which i s  noL6 on hand i n  

ou r  l abora to ry .  It can a l s o  be used t o  determine co~7pression 

o r  shea r  s t r e n g t h  i f  des i red .  

E f f e c t  of  Film Thickness r I n  t h e  work on styrene/polymethyl- 

pentene,  it was found t h a t  a c r i t i c a l  f i l m  th ickness  e x i s t s  

above \!,ihich g r a f t i n g  r a t e  i s  p ropor t iona l  t o  f i l m  s u r f a c e  a r e a  

r a t h e r  than  f i l m  weight. Assessment of s i m i l a r  phenomena w i l l  

be a t t e n q t e d  f o r  t h e  g r a f t i n g  of  monomers on PVA f i lm.  

GraCtinq of  PVA on Polyethylene: I t  may be p o s s i b l e  t o  



k::~_"i;di~.tc: an aque0u.s solu.kj.oj; of PVA co;-).-kai~ling 2 sainplc 02 

polye.tbyler2e fil-19, and o b t a i n  gra:?ting of the 2173; 012 poLye"i;hylene. 

The probijct might coj~kine some 0s' the adval?-i;ages o:f bof-h ~ n o l y m e r s ,  

and this e::l~erirnent t,ii.ll. be t r i e d  -to enable exaixina.tion of su ch 

The ~ i r i - t e r  vjould l i k e  t o  express appreciation for the 

s t u d e n t  research a s s i s t a n t ,  llix, Donnie Sbaw, viho assisted i n  

t h e  experirr~ental i~iorlc and in draniincj t h e  figures. 
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F i e  1.. C;̂ raf t i n ~  o:? s-tyrci-je on 0 , 0 0 6  inch polyv.ilz~r:!-- - ..-.- 
alcoho:! 2 L l . m  a t  room -ten.pe::a-kuj-e. 

l?'Fc:::,~:e - 2 -. : Graf t ing  r a t e  o f  s t y r e n e  on polyvinyl&lcobol  
s ' i l r r !  vezsus Ti lm ~ca-ker conte:~-k, T_loid.inc~ via i:er coaten-is 2;t 9 ,  7- 
pcxcen-t i:? riionorner sol-i.-Lion. 

Ficjv.re 3 :  Graf t ing  rage  versus monorner s o l u t i o n  vra'ccr - - 
c o n t e n t ,  12olding f i l m  water con ten t  a t  9 . 5  pe rcen t ,  

Pic;ure 4:  Percell-t grz2-kiny o.E s t y r e : ~ e  011 p o l . y ~ i n : ~ ~ l a l c o b o i  
f i l m  versv.s uncorrectzd pe rcen t  s b ; e l l i n ~  02  the  ,?il-m. 

Picru.re 5 : Ti6ent1~ four  hour pe rcen t  sv;eLling contours  
- L -  

versus i j a t e r  con ten t  of f i l m  and rnonorcer s o l u t i o n .  

Fiq;:re 6: ';<Jeicjht ga in  a t  5S7& R.H. f o r :  

- uncjrafted PVA; 0 - 106% graL'ted styrene on Pt72i; 

0 - 2076 ~ r a f - t e e .  styrem on PY7A. 
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